Abstract-An octagonal shape monopole antenna with dual band-notched features used for ultra-wide band applications is presented. The monopole antenna has good impedance matching from 3.4 GHz to 12 GHz. The dual notched bands are achieved by using a U-shaped parasitic strip and meandered slot etched in the radiating patch. The first band notched is achieved using meandered slot to reduce the interference with WIMAX from 3.3 to 3.9 GHz. The second band notched is achieved using a U-shaped parasitic strip placed above the ground plane to eliminate the interference with WLAN from 5.2 GHz to 5.9 GHz. The proposed antenna is designed, simulated and measured. The measured result shows that the antenna structure achieves (VSWR < 2) from 3.2 to 10.8 GHz. Also, the simulated radiation pattern and current distribution at different frequencies are presented. The measured and simulated results confirm that the proposed antenna is suitable for UWB applications.
The octagonal monopole antenna is chosen due to its broad bandwidth and good radiation patterns. The octagonal monopole antenna is printed on a substrate FR4 with relative permittivity ε r = 4.4 and thickness (h) = 1.6 mm. From Fig. 1(b) , the partial ground plane is used to enhance the matched impedance of the UWB antenna from 3.4 GHz to 12 GHz. Fabrication photos of the UWB antenna are shown in Fig. 1(c) and Fig. 1(d) . The simulated and measured results of return loss and VSWR of the UWB antenna are shown in Fig. 2(a) and Fig. 2(b) . Fig. 2 shows that the simulated results have good input impedance matching with VSWR < 2 in the band of 3.4-12 GHz. The measured results show that the antenna operates at frequency band from 4 GHz to 12 GHz. It is clear that the simulated and measured results are in a good agreement. However, a frequency shift between the simulated and measured results can be observed. This can be a result of the imperfect full wave simulation and fabrication process such as substrate loss, soldering and connectors which cannot be totally avoided. 
PROPOSED ANTENNA WITH DUAL BAND-NOTCHED FEATURES
The 2-D layout of the proposed UWB antenna is illustrated in Fig. 3 . To achieve the desired frequency band notch from 3.3 GHz-3.9 GHz (WIMAX applications), a meandered slot which equals quarter wavelength of the notched frequency is etched in radiating patch as illustrated in Fig. 3(a) . Also in order to reject frequency band of WLAN from 5.2 GHz-5.9 GHz), a U-shape parasitic strip which equals half wavelength of the notched frequency is employed above the ground plane as demonstrated in Fig. 3(b) . This frequency notched band is designed to reduce the interference between the WIMAX, WLAN applications and UWB operations. The simulated results of return loss and VSWR are shown in Fig. 4(a) and Fig. 4(b) , respectively. It is obvious that there are two notches at the desired frequency bands. From the simulated results, the return loss and VSWR of the proposed antenna are lower than 2 from 3 GHz to 10.8 GHz except the band notched region from 3.3 GHz to 4.1 GHz and from 5.1 GHz to 6 GHz. The U-shape length (L total ) is designed to achieve the desired central frequency of the band notched by using the following equation:
and the meandered slot length (L total ) is designed by using the following equation: 
PARAMETRIC ANALYSIS
The important criteria in the design of the desired UWB antenna are adjusting the impedance bandwidth and the desired center frequency of the notched band. In the previous section, dual notched bands are designed by using a meandered slot and U-shaped parasitic strip to provide notched band at center frequency of 3.5 GHz for WIMAX applications and 5.5 GHz for WLAN applications. Several parameters affect the behavior of the proposed antenna, and some of them have strong effect than others. Therefore, in this parametric study, the parameters with significant effect on the antenna performance, such as the position of the slot distance higher than feed line with distance (y1), distance of U-shaped strip above ground plane with distance (y2), length of the ground length (Lg) and length of the U-shape parasitic strip (x), are investigated. First, the effect of the ground plane length (Lg) on the proposed antenna performance when y1 = 6 mm, y2 = 1 mm and x = 18 mm is illustrated in Fig. 6(a) . It is obvious that the length of Lg has strong effect on the antenna bandwidth. Also the notched band is affected by the length of the Lg. The optimized length Lg = 13.4 mm. Second, the effect of the meandered slot position (y1) is shown in Fig. 6(b) . It is clear that the bandwidth of the notch is decreased with increase in the position (y1), and the optimized position is chosen to be 6 mm when y2 = 1 mm, Lg = 13.4 mm and x = 18 mm. Third, the effect of position of the U-shaped parasitic strip (y2) above the ground plane on the antenna return loss is studied as shown in Fig. 7(a) . From Fig. 7(a) it is obvious that when the distance (y1) is increased above the ground plane, the effect of the U-shaped strip on the return loss does not appear.
Therefore, the optimized place for the U-shaped strip is 1 mm above the ground plan to achieve the required notched frequency band. Finally, the effect of length of the U-shape parasitic strip (x) is demonstrated in Fig. 7(b) . The length of the U-shape parasitic strip acts as the inductance. Therefore, when the length of the resonator increases, the resonance frequency of the notch decreases. The resonance frequency is decreased from 6.7 GHz to 5.5 GHz when the length of the U-shaped strip is increased from 10 mm to 18 mm. 
CURRENT DISTRIBUTION AND RADIATION PATTERN
In order to understand the behavior of the band-notched characteristics, the simulated current distributions of the proposed antenna at 3.5 GHz and 5.5 GHz are shown in Fig. 8 . First, from Fig. 8(a) the concentration of the surface current is increased around the slot at 3.5 GHz which is considered the center of the notched band of the WIMAX applications. Also from Fig. 8(b) it is obvious that the concentration of the surface current is increased around the U-shaped parasitic strip at 5.5 GHz which is the center of the WLAN frequency band. From the two figures it is concluded that the antenna does not radiate at these frequency bands. The simulated radiation patterns for the x-z, y-z and x-y planes of the proposed antenna at 4.5 GHz, 7 GHz and 9.5 GHz are shown in Fig. 9, Fig. 10 and Fig. 11 , respectively. It is clear that the antenna has nearly omnidirectional patterns in x-y and y-z planes and a bi-directional one in the x-z plane. A comparisons between the simulated peak gain and efficiency of the proposed antenna with and without notch are illustrated in Fig. 12(a) , and Fig. 12(b) , respectively. As shown in the figure, it is clear that in the case of absence of the notch, the average gain equals approximately 3 dB, and the averaged efficiency equals 85%. On the other hand, the average peak gain and efficiency equal 3 dB and 80% except the two notched frequency bands. The peak gain and efficiency equal −3 dB, −2 dB and −12%, −10%, respectively in the case of the presence of the notch. 
FABRICATION AND EXPERIMENTAL RESULTS
The proposed UWB antenna has been fabricated on an FR4 substrate with a relative dielectric constant of 4.4, thickness of 1.6 mm and dielectric loss tangent δ = 0.025. The fabricated prototype is shown in Fig. 13 . As a final check for the designed proposed UWB antenna, the return loss parameter of the antenna was measured and compared to the simulated ones as illustrated in Fig. 14 . As shown in the figure, the experimental results illustrate that the fabricated antenna operates from 3.2 GHz to 12 GHz with return loss lower than 10 dB except the frequency band from 8. 
CONCLUSION
A monopole antenna with octagonal shape radiator is introduced. The proposed antenna is used for ultra-wide band applications with dual band-notched characteristics. The dual notched bands are achieved by employing a U-shaped parasitic strip and meandered slot etched in the octagonal radiating patch. The interference with WIMAX applications from 3.3 GHz to 3.9 GHz and WLAN applications from 5.2 GHz to 5.9 GHz is reduced by using the meandered slot and U-shaped parasitic strip, respectively. The simulated results confirm that the proposed antenna is suitable for UWB applications.
